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. زمان بندي پروژه با هدف ماكزيمم كردن خـالص ارزش فعلـي بـدون محـدوديت منـابع بررسـي شـده اسـتلهمسئدر اين مقاله:��409
و بـا گـره 1000 تـا10براي ارزيابي كارايي اين الگوريتم شبكه هايي با تعـداد. ده استشبه نام الگوريتم تفاضلي براي اين منظور ارائه الگوريتمي

و مدت زمان حل مسائل در الگوريتم تفاضلي با مقـدار خـالص. توليد شده است6/6تا3/1 بين1ضريب پيچيدگي شبكه مقدار خالص ارزش فعلي
دهد كـه الگـوريتم مي نتايج محاسباتي نشان. ارزش فعلي ومدت زمان جوابهاي به دست آمده از الگوريتم جستجوي برگشتي مقايسه شده است 

و سررسيدضريب، تفاضلي با توجه به پارامترهاي تعداد گره . پروژه از كارايي خوبي برخوردار است2پيچيدگي شبكه

��;�	��.جريان نقدي، روش جستجوي برگشتي، روش تفاضلي، خالص ارزش فعلي، مسئله زمان بندي پروژه : >��4

A Heuristic Algorithm for Project Scheduling Problem to  
Maximizing the Net Present Value 

 
G. Moslehi and H. Ghahar 

 

Department of Industrial Engineering and Systems, Isfahan University of Technology 
 

Abstract: This paper deals with resource unconstrained project scheduling problems with the objective of maximizing the net 
present value (NPV) of project cash flows. Here we present a heuristic algorithm named as differential procedure (Dif_AOA). 
In order to evaluate the efficiency of this algorithm, networks with node numbers between 10-1000 and network complexity 
coefficients between 1.3-6.6 have been generated. We have compared both the total time for solving the problem and NPV of the 
Dif_AOA with those of the recursive search procedure. Computational results show that the Dif_AOA performs very effectively. 
Extensive analysis have been performed to evaluate the node number, complexity network coefficients(CNC), and deadline. 
 
Keywords: Project scheduling problems, Net present value, Differential procedure, Recursive search procedure, Cash flow. 
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شروع

و ديرترين زمان ممكن هر گره(فراخواني تابعگام اول: محاسبه زودترين -cpm(

زمان بندي همه گره ها در زودترين زمان ممكن شان-

محاسبه خالص ارزش فعلي كل شبكه به عنوان بهترين جواب در اين-

مرحله 

 انتقال همه گره هايي كه قابليت انتقال به جلو به صورت جداگانه را دارا هستندگام دوم:

 شناسايي همه گره هايي كه به تأخير انداختن آنها، مستقل از گره هاي مابعدي گام سوم:

شان، باعث افزايش خالص ارزش فعلي آن گره ها مي شود

بررسي انتقال همزمان گره هايي كه در گام سوم شناسايي شده اند(فراخواني گام چهارم:

تابع شمارش).

پايان
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 خير

شروع

i = NN - 1

=محاسبة V(i)حداقل فاصله گره(i)با گره هاي مابعدي اش 

 به اندازة(i)انتقال زمان گره

V(i) باعث افزايش خالص 

 مي شود(i)ارزش فعلي گره

پايان

t(i) = t(i) +V(i)

 به ديرترين زمان ممكن آن (i)انتقال موقت زمان گره-

 در شبكه، به اندازة (i)انتقال موقت همه گره هاي مابعدي گره-

)) (Shiftموررد نياز( فراخواني تابع

 محاسبه خالص ارزش فعلي كل شبكه-

خالص ارزش فعلي كل

شبكه بهبود يافته است

اش(i)ذخيره زمان گره- و گره هاي مابعدي

در- ذخيرة خالص ارزش فعلي كل شبكه به عنوان بهترين جواب

 اين مرحله

i = i -1 

1≥i

بله

بله

 بله

 خير

 خير

H0I`:P�� P�; �2�%�N �	�&32 

36\ 6H)ib(���	� 
� �]g5
%[3�� �-�Q@ ��=(	 .A-=���H �='(�

 3�=� �=-�Q@ Ok�*� 36\ �	�B@ 8	69jh�=��M �g��g�eg5�
g 

5 &H6\ ��PD� &\�-�-7 ]�6S 8	69�h�=��M �/���/�5�/


����6\ 6a(
� .6��-�
 
	�=�� �=� :�6=0 ���=S	 ;	 m=-( 34567

�9�y)�+��#5+(&� ��� �9 �uD� &(	6W9 6-*� �9 ���.

�=���� A�	 
� 6=9 ���
Qb�	 &�	
�=K 6=��-V� O=-1W@ 8	 8�='

 &�.\69 5 &1S��@ �36\�	�B@ 8�H6��	
�7 C	6--}@ ���	� �=9 �#

���M);	�#�@�## 36=\(��PD=� &\�=-�-7 ]�6=S �=9 �$

���M);	+/��=@ ~/~(h�=9�y 
	�=�� 56-*=� �=9 3�=� ���=S	 

�uD� &(	6W9�9
g�=��M );	+�=@ �## �=M	5 (3�	� Z�	m=�	 

�� .�5�=M ���M 6H 8	69�gg �12*=� TQ=�>� 
� 5 �=(Q�( 

���gg �12*� �=� �-�Q@ �(Q�( .X�=� z
� 8	6=9 A-=���H

 &1S��@ p��
Qb�	 &�	
�0�gg �12*� �	�B@ �9 �(Q�( �ggg 36\ 

5 �-�Q@ OM��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.2
.4

 ]
 

                            13 / 20

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.2.4


��� ������	
��
��� �������	 ���� �v

(cnc= �V/= δ =V) ,V_AOA NQ��?:S�A�8C $#%�&'�	 �� ��; �	��C �4bcC �

�Z#
	 �6�� d4-� �4L ��	&� e	&N �	��C U�.�	&N d4-� ����V_AOA )�42�b( ����S�A�8C )�42�b( �	��C ��; B%�� 
#v~/# ss ��/# #�/# �# �
###/# �## �!/# #v/# �# �
#s~/# ss �~/# #s/# !# !
#ss/# s~ !�/# ��/# v# v
##$/# s$ vv/# �~/# +# +
##s/# s$ +~/# �#/# ~# ~
#vv/# s$ t+/# �~/# t# t
##v/# ss #�/� !+/# $# $
#��/# s$ +�/� v�/# s# s
##v/# ss #s/� +#/# �## �# 
+!#/# s~ s$/� +t/# ��# �� 
!~s/# st v$/! ~+/# ��# �� 
##~/# s$ $#/v t~/# �!# �! 
#��/# s+ �s/~ $s/# �v# �v 
###/# �## t~/t s$/# �+# �+ 
#!#/# s+ ~�/t �#/� �~# �~ 
#$�/# s$ s~/�# ��/� �t# �t 
##!/# ss �s/�! !+/� �$# �$ 
#��/# s~ ~#/�~ +�/� �s# �s 
� � �� ~�/� �## �# 
� � � s+/�# +## �� 
� � � ~v/v� �### �� 

�E �c5
 l�Q@ Ok�*� :�.( OM ���H� :�.( � ��V_AOA��	 �a��M A��	�( �1E �9 .

0
2
4
6
8

10
12
14
16
18

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

21
0

$+F اد%GH

(I
,35
J)
5ن
ز<

Dif_AOA
V_AOA

H0IJf:@�W,�*� ���� �� ��; �	��C �4bcC �	�&32 

&1=S��@ p��
Qb�	 5� �*���� 8	69)Dif_AOA ( &�.=\69 5

:	
�P�H 5 �Q'(	5)V_AOA(�p��
Qb�	 5� A�	 �
	m=�	 <6=( �=9

 &==� �	5�==�5(++) ��)*==(f)Visual Studio.Net(��==W@

 ;5���5
ggg �F� 85
 �=(��	
 3�=(;	�67 �=9 
�='N <Q=-��7 �/�

�9 m@6H�b-\
�� ���9�b� RAM �5 &*�Q( ���(69 8�=H 3�	� �=9 

3�� �-�Q@�(�� 	6R	 .


� &@�D=��W� ���=�( ��*V A�	 ��	�	 
� �=� 6-y�=@ �=��M 

C�D��W� :��; 69 36\ �	�B@ �:�=�; 6=9 3456=7 �-=�
6� 6-y�=@ 

C�D=��W� :�=�; 6=9 �PD=� &\�-�-7 ]�6S 6-y�@ 5 C�D��W�


	6V &�
69 �
Q�&��6-\.

T:=:@�W,�*� ���� �� ��; �	��C �4bcC 

C�D=��W� :��; 69 36\ �	�B@ 6-y�@ &�
69 8	69 �

�=��M 

��	 3�� ���6\ 6a( 
�.6=9	69 �PD=� &\�=->-7 ]�6S �/�5

(	6W9 6-*� �Qo �;	�(	 �9 34567 �-�
6� 35�E �9 &��6=a( 
�

 3�� ���6\ �(	 .
� p��
Qb�	 5� 6H 8	6R	 �>-�(�5�R)
(3���

��	.


� �K �(Q\ :��HOP� )�g(3�=� 3�	� :�.( �=�	 �c5


V_AOA �	�B@ �9 �D*( 36\ �H�
	� &�U�=9 �-��*M �PD� 8�

�(Q\ �98	�	�B@ Z�	m�	 �9 �K36\ �H�PD� 8�C�D=��W� :�=�;

 &���( 
Qo �9��
 &���K .O-�� �9 p��
Qb�	 A�	 A-���H �=u��	

 �
	� ;�-( 8���; �a��M �9 	6R	 8	69 �;	 6�.=-9 36=\ �	�B@ 8	69

�eg &�( �	QR �H� .�=9 �D*=( C�D��W� :��; ��
 �(5
 ��	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.2
.4

 ]
 

                            14 / 20

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.2.4


��� ������	
��
��� �������	 ���� �+

(cnc=  �Dg δ =V) ,V_AOA NQ��D:� S�A�8C $#%�&'�	 �� ��; �	��C �4bcC 

#
	 �6���Zd4-� �4L ��	&� e	&N U�.�	&N�	��C d4-� ���� V_AOA)�42�b( ���� S�A�8C )�42�b( δ B%�� 

#s~###/# ss ++/# #s/# + �
#!+###/# st v!/# #t/# �# �
#�ts##/# ss v~/# #t/# �+ !
#�####/# s$ v+/# #t/# �# v
##$###/# s$ v~/# #t/# �+ +
##+###/# ss v+/# #$/# !# ~
##!###/# ss vt/# #t/# !+ t
##�###/# ss v$/# #t/# v# $
##�###/# s$ v~/# #t/# v+ s
###s##/# ss v~/# #t/# +# �# 
###+##/# ss vt/# #$/# ++ �� 
###!##/# ss v~/# #t/# ~# �� 
###�##/# ss v~/# #t/# ~+ �! 
###�##/# ss v~/# #$/# t# �v 
####$#/# ss vt/# #t/# t+ �+ 
####+#/# ss v$/# #t/# $# �~ 
####!#/# ss vt/# #t/# $+ �t 
####�#/# ss v$/# #$/# s# �$ 
####�#/# ss vt/# #t/# s+ �s 
#####+/# ss vt/# #$/# �## �# 

&1S��@ p��
Qb�	 
� 36\ �	�B@ Z�	m�	 ;	 6��K 
�-*9 p��
Q=b�	

 �Q'(	5AOA ��	 .9	QR �i
� O=M �=(Q�( O��*=� x-V� 8�'

 &1S��@ p��
Qb�	 �1-�5 �9 3�� ��5�=R 
� �=K �(Q\ :��H)
(

3�H�.� &� Q���A-9e��@�gg ��	 6-}�� �i
� .�i
� �(5


 :�.( x-V� 8�'9	QR &� �=�� �=9 x-V� 8�'9	QR �	�B@ �K �H�

 Z�	m=�	 �=9 �D*=( &i�Y �-��*M &1S��@ p��
Qb�	 ;	 3���

 �	�B@36\ �H
	�( ��6a( �9 	[� &��	�=B@ �9 8�H �PD� 
� �K ���

 �=�� �=M A-=�H 
� &=�-V� 8�='9	QR �=9 :	Q�9 m-( 6@U�9 36\

�==��� .:Q�==� "x==-V� 6==-^ �
	Q==� �	Q==R G��==Y	 �==i
� ";	

�5�R )
(6=-^ �	Q=R �=K &1��*=� �	QR G��Y	 �i
� m-( 

3�	� x-V� �=(	 �p��
Q=b�	 x=-V� 8�='9	QR �=9V_AOA :�.=( 	
 

&� �H�.:Q�� A�	 
� �G��=Y	 �=i
� 6--}@ ;	 &�).� �(5


�'9	QR&�( 3�H�.� �Q�.

X��

�5

�5�=R ;	 )
(36=\ �	�=B@ �gg 5�ggg 	
 

:�.( &=� �=�H� .�=��M 5� A=�	 8	6=9 &9�=�;
	 &�	
�=K X�=� 

&1S��@ p��
Qb�	 3�� �-�Q@ �=(	 �='(� C�D=��W� :�=�; �=K ��=9

 �5�=M ]-@6@�g5j��=-(�y �=�	.	[=� &=� �=K �=�\ :	Q=@

 36=\ �	�=B@ �=9 8�H �PD� 8	69 &9QY &�	
�K &1S��@ p��
Qb�	

�
	� U�9.

T:?:@�W,�*� ���� �� ����� �4,��,�4bcC 

C�D=��W� :�=�; 6=9 3456=7 �-�
6� 6-y�@ &�
69 8	69 �5�

�=�	 ���6\ 
	6V &�
69 �
Q� ��*V A�	 
� ���M .�=��M 
�

 36\ �	�B@ �9 &��H �PD� �5	�g�PD=� &\�-�-7 ]�6S 5�/�

���6\ 6a( 
� &� A-9 m-( 34567 �-�
6� ���S	 
	��� 5 �Q���@

�gg Oi	Q� �9 �6--}@ &��@ &��=�K .
� 3�=�� �=�� �=9 ���=�(

�5�R )�(
� C�D=��W� :��; 
	�Q�( m-( 5OP=� )��(:�.=( 

&� :�=�; 6=--}@ �=9 8��=�; �-��*=M p��
Q=b�	 5� 6H �K �H�

 34567 �-�
6� &�( :�.( �=�H� .5 36=\ �	�=B@ <5� �=��M 
�

 Z�	m=�	 :�=�; p=H 
Qo �9 �PD� &\�-�-7 ]�6S &=� 5 �=�9��

 
� 36\ �	�B@�g
� �PD� &\�-�-7 ]�6S 5��=��6\ 6=a(
� 

&� �Q� .�5�R )j(	
 �=��M A=�	 8	6=9 3�=�� �=�� �9 ����( 

:�.( &� �=H� .
	�Q=�( �=(5
 OP=� )�
(:�.=( &=� �=K �=H�

&��b�H B@ �K:�=�; p=H 
Q=o �=9 &\�=-�-7 ]�6S 5 36\ �	� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.2
.4

 ]
 

                            15 / 20

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.2.4


��� ������	
��
��� �������	 ���� �~

(cnc =  )D ,V_AOA NQ��T:� S�A�8C $#%�&'�	 �� ����� �4,��, �4bcC 

�Z#
	 �6��d4-� �4L ��	&� e	&N U�.�	&N �	��C d4-� ����V_AOA)�42�b( ��� S�A�8C �)�42�b( δ B%��

##~#/# st ~+/# �t/# + �
#�+#/# ss ~v/# �$/# �# �
####/# �## ~+/# �$/# �+ !
##�#/# ss ~t/# �s/# �# v
#�~#/# ss ~~/# �$/# �+ +
####/# �## t#/# �s/# !# ~
####/# �## t�/# �t/# !+ t
###v/# ss t#/# �t/# v# $
###�/# ss t#/# �s/# v+ s
####/# �## t#/# �t/# +# �# 
####/# �## t�/# �$/# ++ �� 
####/# �## t�/# �t/# ~# �� 
####/# �## t�/# �$/# ~+ �! 
####/# �## t�/# �$/# t# �v 
####/# �## t�/# �$/# t+ �+ 
####/# �## t!/# �$/# $# �~ 
####/# �## t�/# �t/# $+ �t 
####/# �## t�/# �$/# s# �$ 
####/# �## t�/# �t/# s+ �s 
####/# �## t�/# �t/# �## �# 

٠

٠�١

٠�٢

٠�٣

٠��

٠��

٠��

٠ � ١٠ ١� ٢٠ ٢� ٣٠ ٣� �٠ �� �٠ �� �٠ �� ٧٠ ٧� ٨٠ ٨� ٩٠ ٩� ١٠
٠

١٠
�

اO I*5P+رMN %,O+وژ$

(I
,35
J)
5ت
RMO
5S
ن<
5M>
ز

Dif_AOA
V_AOA

٠

٠�١

٠�٢

٠�٣

٠��

٠��

٠��

٠�٧

٠�٨

٠ � ١٠ ١� ٢٠ ٢� ٣٠ ٣� �٠ �� �٠ �� �٠ �� ٧٠ ٧� ٨٠ ٨� ٩٠ ٩� ١٠
٠

١٠
�

اO I*5P+رMN %,O+وژ$

(I
,35
J)
5ت
RMO
5S
ن<
5M>
ز

Dif_AOA
V_AOA

H0IJJ:@�W,�*� ���� �� ����� �4,��, �4bcC �	�&32 

)NN=30 , cnc=1.5(

H"IJR�	�&32 �4bcC �4,��, ����� �� ���� @�W,�*� 

)NN=50,cnc=3(

��==�K 	�==-7 Z�	m==�	 p��
Q==b�	 C�D==��W� :�==�;V_AOA 

&�K 	�-7 8�QBi �(5
 &� ��K .�QR5 �9 &1S��@ p��
Qb�	 ��	

 6=\ �	�B@ Z�	m�	 �PD=� &\�=-�-7 ]�6=S 5 3��=9 :�=���H

 �
	�( �-��*M 34567 �-�
6� :��; Z�	m�	 .6=b�� G6=o ;	

 
Q=o �=9 &1S��@ p��
Qb�	 x-V� 8�'9	QR �	�B@ �5	 ���M 
�

 �5�M A-b(�-�f�/e�5 36\ �	�B@ Z�	m�	 �9 �K ��	 �i
� 

<5� ���M 
� �PD� &\�-�-7 ]�6S ��9�/ee	�=-7 Z�	m=�	 

��	 3�6K .�P( 3�H�.� ���M5� 6H 
� �K 86b�� �&=� �Q=�

 3456=7 �-=�
6� ���S	 
	��� Z�	m�	 �9 �K ��	 A�	 ��=i
�

 p��
Q=b�	 �1-=�5 �=9 x=-V� 6=-^ �	Q=R �=K 8�
	Q� G��Y	

 ��	 3��� ��� �9 &1S��@ �	�-7 O-� 6�i ��� �9 &=� �=�K .

	[� &� 5 3456=7 �-�
6� :��; Z�	m�	 �9 �K ��6\ �>-�( :	Q@

 =�	 JDr��9 �PD=� 8�='�-��B� 8
5��=� Z�	m �p��
Q=b�	 &�	
�=0

	�-7 �QD'9 &1S��@&���0.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.2
.4

 ]
 

                            16 / 20

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.2.4


��� ������	
��
��� �������	 ���� �t

(NN= �Dg δ =V)V_AOA  Q��NV:� S�A�8C $#%�&'�	 �� �"WI S;�4h4� i%�A�4bcC 

�Z#
	 �6�� d4-� �4L ��	&� e	&N �	��C U�.�	&N d4-� ���� V_AOA )�42�b( ����S�A�8C )�42�b( CNC B%�� 

#s~/# ss vs/# #t/# +/� �
##t/# ss +�/# #$/# $/� �
##�/# ss +!/# #$/# �/� !
�!v/# st +t/# #$/# v/� v
###/# �## +�/# #s/# t/� +
##t/# ss +~/# #s/# #/! ~
###/# �## ++/# #s/# !/! t
###/# �## +$/# �#/# ~/! $
#sv/# ss ~#/# �#/# s/! s
#�+/# ss ~�/# �#/# �/v �# 
##t/# s$ +~/# �#/# +/v �� 
###/# �## ++/# ��/# $/v �� 
###/# �## +t/# ��/# �/+ �! 
###/# ss +t/# ��/# v/+ �v 
###/# �## ~v/# ��/# t/+ �+ 
###/# �## +~/# ��/# #/~ �~ 
###/# �## +t/# �!/# !/~ �t 
###/# �## ++/# �!/# ~/~ �$ 

(NN= �Vg δ =V)V_AOA  Q��NX:� S�A�8C $#%�&'�	 �� �"WI S;�4h4� i%�A�4bcC 

�Z#
	 �6�� d4-� �4L ��	&� e	&N U�.�	&N �	��C d4-� ���� V_AOA )�42�b( ����S�A�8C )�42�b( CNC B%�� 

##$/# s$ #v/� �v/# +/� �
�!s/# st �$/� �~/# $/� �
#$+/# st ++/� �t/# �/� !
###/# �## vt/� �t/# v/� v
#v$/# s$ t$/� �t/# t/� +
##~/# st +$/� �t/# #/! ~
#��/# ss $!/� �s/# !/! t
###/# �## +$/� �$/# ~/! $
##v/# s$ s~/� �#/# s/! s
##$/# ss +t/� ��/# �/v �# 
���/# ss +v/� �#/# +/v �� 
�$v/# s$ ~s/� ��/# $/v �� 
#�~/# s$ ~+/� ��/# �/+ �! 
#��/# ss $t/� ��/# v/+ �v 
#!s/# st t�/� �!/# t/+ �+ 
##t/# st t~/� �v/# #/~ �~ 
###/# ss ~!/� �v/# !/~ �t 
##$/# ss v~/� �!/# ~/~ �$ 

T:D:@�W,�*� ���� �� �"WI �;�4h4� i%�A �4bcC 

:�==�; 6==9 �PD==� &\�==-�-7 ]�6==S 6-y�==@ &==�
69 8	6==9

C�D��W� ��	�B@36\ �H8
� �PD��h���M �g��g5fg
�6a(

 6-*� 3;	�(	 �9 ���M �� 6H 
� m-( 34567 �-�
6� 5 3�� ���6\

 35�E �9 &(	6W9��=�	 3�=� ���6\ 6a(
� .�5	�=R )�(5)�(

5)f(m-( 58�H
	�Q�( )��(�)�j(5)��(3�=�� ��� �9 ����( 

:�.( 	
 &���=H .OP=�)��(:�=�; 6=9 3456=7 �-=�
6� 6-y�=@ 

36\ �	�B@ �9 C�D��W��g:�.( 	
 &��H� .;	 �=K �=(Q\ :�=�H 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.2
.4

 ]
 

                            17 / 20

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.2.4


��� ������	
��
��� �������	 ���� �$

(NN= �]g δ =V)V_AOA  Q��N]:� S�A�8C $#%�&'�	 �� �"WI S;�4h4� i%�A�4bcC 

�Z#
	 �6�� d4-� �4L ��	&� e	&N U�.�	&N �	��C d4-� ���� V_AOA )�42�b( ����S�A�8C )�42�b( CNC B%�� 

#vv/# s$ s$/� �~/# +/� �
!~�/# ss $v/� �$/# $/� �
##~/# s$ ##/! �$/# �/� !
#!!/# ss $t/+ �$/# v/� v
#��/# s$ $�/! !�/# t/� +
###/# �## t�/t !�/# #/! ~
###/# �## �+/$ !+/# !/! t
v$!/# st s+/t !v/# ~/! $
##~/# ss �#/t !t/# s/! s
#�#/# st $$/t !!/# �/v �# 
#!$/# s$ #�/t !!/# +/v �� 
##s/# s$ !t/�# !+/# $/v �� 
#��/# s$ +#/+ !~/# �/+ �! 
#+�/# sv s~/~ !s/# v/+ �v 
###/# �## #+/v v�/# t/+ �+ 
#�~/# s+ v�/+ v#/# #/~ �~ 
##$/# s$ $�/s !s/# !/~ �t 
##$/# ss vv/$ vt/# ~/~ �$ 

٠

٠�١

٠�٢

٠�٣

٠��

٠��

٠��

٠�٧

٠�٨

٠ � ١٠ ١� ٢٠ ٢� ٣٠ ٣� �٠ �� �٠ �� �٠ �� ٧٠ ٧� ٨٠ ٨� ٩٠ ٩� ١٠
٠

١٠
�

اO I*5P+رMMN %,O+وژ$

(I
,35
J)
5ت
RMO
5S
ن<
5M>
ز

Dif_AOA
V_AOA

٠
٠�٢
٠��
٠��
٠�٨
١

١�٢
١��
١��
١�٨
٢

1,
5

1,
8

2,
1

2,
4

2,
7 3

3,
3

3,
6

3,
9

4,
2

4,
5

4,
8

5,
1

5,
4

5,
7 6

6,
3

6,
6

6,
9

(cnc)ITRU .F%,V,N W'+P 

(I
,35
J)
5ت
RO
5S
ن<
ز<5

Dif_AOA
V_AOA

H"I Jj:�4h4� i%�A �4bcC �	�&32@�W,�*� ���� �� �"WI S; 

)��; �	��Cjf(

H"IJk:�	�&32 �4bcC i%�A S;�4h4� �"WI �� ���� @�W,�*� 

)�C�	� ��;lf(

��D���	 
	�Q�( &� &\�=-�-7 ]�6=S Z�	m=�	 �=9 :�=�m�H �Q�

 Z�	m=�	 X-�Y 
Qo �9 &1S��@ p��
Qb�	 C�D��W� :��; �PD�

	�-7 &� ��K .
Q=b�	 &@�D��W� :��; �(5
 lY p��V_AOA m=-( 

�
	� 8�QBi 6-� �&=�( x-V� 
Qo �9 ��	 �=(5
 �=K �=�\ :	Q=@

 ��	 6�.-9 p��
Qb�	 <	�K �QBi .&��b�H ��	 �9 	
 36\ �	�B@ �K

�g �9 �B9 5fgZ�	m�	 &��=9�� �
� �=K 
Q=o :�=�H 8�'1u=� 

)�j(5)��(3�H�.� &��Q=� �&@�D=��W� :�=�; �QB=i �=(5


 p��
Q==b�	V_AOA9 ]==@	6� �==9 :�==�; �QB==i �==(5
 ;	 6�.==-

 �=�	 &1=S��@ p��
Q=b�	 &@�D��W� .
� �=K &@�(�=�Q( 
	�Q=�(

 p��
Qb�	V_AOA 1P=� 
� 8�' )��(5)�j(5)��(3�H�.=� 

&� �Q� �p��
Q=b�	 
� �=K �=�	 ��P( A�	 ;	 &��(V_AOA 
� 

36\ �EQ�>� ;	 <	�K 6H &=�
69 �=W@ 8�=H ��=K &@
Q=i 
�

 �1i�� OV	�M �;	�(	 �9 ����(	 &=�5 �Q.=( �	Q=R �Q=D'9 �=E�9 

�Q=� �	Q=R �Q=D'9 �=E�9 �1=i�� 6LK	�=M �;	�(	 �9 ����(	 �:�

���=S	 6-Y�=@ �Y
� �9 �EQ�>� &=� J9�=@ �1-=�5 �=9 5 �Q=�

c
��� �&9��;
	 Z����(	 &��Q� .�PD=� 6H ��M 	�=B@ �=K 8	 �

�Y
� �Q� 6�.-9 c6-Y�@ 8�' ��=9 86�.=-9 &�
69 �9 ;�-( :QN

 c
��� J9�@ �1-�5�
	� �6�.-9 c	 &@�D��W� :��;&��Q� .;	

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.2
.4

 ]
 

                            18 / 20

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.2.4


��� ������	
��
��� �������	 ���� �s

٠
١
٢
٣
�
�
�
٧
٨
٩
١٠
١١

1,
5

1,
8

2,
1

2,
4

2,
7 3

3,
3

3,
6

3,
9

4,
2

4,
5

4,
8

5,
1

5,
4

5,
7 6

6,
3

6,
6

6,
9

(cnc)ITRU .F%,V,N W'+P 

(I
,35
J)
5ت
RO
5S
ن<
ز<5

Dif_AOA
V_AOA

H"IJl:�	�&32 �4bcC i%�A S;�4h4� �"WI �� ���� @�W,�*� 

)�	��C ��; mf(

�PD=� 6\	 6b�� G6o �=Y
� �-=H �K�=��9 ��=�	� �Q=R5 8	

 8��=�; 
�-*=9 :	m-� �9 :� &@�D��W� :��; ���9 ���	�( 86-Y�@

ZH�K&��9��.

����( ;	 �K 6b�� ��P(��*V A�	 
� 3��� ��� �9 &�:	Q=@

 �1-�5 �9 3��� ��� �9 x-V� 8�'9	QR �	�B@ �K ��	 A�	 �-�'�

 ���M 
� &1S��@ p��
Qb�	�g�5�=M A-b(�=-� 
Q=o �9 &H6\ 

�j/ee�	�B@ Z�	m�	 �9 �K ��	 3�Q9 �i
� 36\ �H�=9 �g5fg

]-@6@ �9 
	��� A�	
f/e�5g�/e��=�	 3�=� .	[=� &=� :	Q=@

 ��\ Z�	m=�	 �9 �D*( C�D��W� :��; &1S��@ p��
Qb�	 
� �K

 &�K �-��*M �PD� &\�-�-7 ]�6S 8�='9	QR �	�=B@ 5 �
	�

&�K 
	��� x-V� ��	 ����� ZH�K.

�aM�� �K 
Qo :��H &� C�D=��W� :�=�; G��Y	 �Q�

 �aM�� O9�V :	m-� �9 p��
Qb�	 5� A-9 8	
�8�'1u� )��(�

)�j(5)��(��U�9 .��; 
� &1=S��@ p��
Qb�	 &@�D��W� :

;	 6��K ���M �� 6H��=K &��=M 
� ��	 ���6\ 
	6V �-(�y 

p��
Qb�	 &@�D��W� :��;V_AOA ;	 36=\ �	�=B@ Z�	m�	 �9 

�g �9 fg	�-7 Z�	m�	 &'RQ@ O9�V :	m-� �9 &=� A=�	 5 �=�K

 &\�-�-7 ]�6S �r� 
� Z�	m�	�/j�5�M �9 �gm-( 69	69 

&� ��
 .

V:#2�n4 @	��.�14� � ��4; 

����� A�	 
��12*� c;
	 d��=Y 
�-B� �9 34567 8��9 :��; 

&1B� �3�� �6� �5�W��( J9��� :� 
� �K �(	 �
	6V &�
69 �
Q�

�6\ &���
Qb�	 5 �� �k	
	 :� 8	69�.��� �9 &@�D��W� ����(

 :�.( 3��� &� �=9 &1��*=� 8	69 &1S��@ p��
Qb�	 �K �H��ggg 

��; 
� 36\ &�K 
�-*9 :�	QR &��H� �p��
Q=b�	 �=K &��M 
�

V_AOA O-�� �9�u��	 O��*=� 8	6=9 �
	� ;�-( &�U�9 �a��M �9

;	 6�.==-9�eg36==\ ��.==( 6*==-� :� ;	 �	Q==R A��6==\ :�==P�	 .

&��b�H �K �	� :�.( &@�D��W� ����( A-���H �	�B@ �K36=\ �=H 

Z�	m�	 &=� �=9�� �A-=9e��=@ �gg =b�	 8�='9	QR �=i
� ��
Q p

x-V� &1S��@ 	�(.

�-H ��D�6�@ &1S��@ p��
Qb�	 �K 3�� 3�	� :�.( A-���H

 Z�	m�	 m-( 5 �
	�( 34567 �-�
6� :��; �9 �D*( &�-��*M

 E�9 34567 �-�
6� 8�
	Q=� h�	QR G��Y	 �i
� ZH�K �

��	x-V� 6-^ �	QR &1S��@ p��
Qb�	 �K&��H�.p��
Qb�	 

V_AOAK 
�-*==9 �-��*==M m==-( &==� Z�	m==�	 �==9 �D*==(

�
	� 3456==7 �-==�
6� �&1==S��@ p��
Q==b�	 �==9 �D*==( �==�	

 �	�B@ �N 6H �-��*M A�	 5 �
	� 86�.-9 �-��*M36\ �H

���9 6@U�9 �PD� &\�-�-7 ]�6S 5���	 6�.-9 .A-=���H 

Z�	m=�	 �=9 �D*=( p��
Qb�	 5� 6H �K ��	 3�� 3�	� :�.(

 �PD� &\�-�-7 ]�6S �/�*M �(	 �
Q=b�	 &=�5 &1=S��@ p�

 p��
Qb�	 �9 �D*(V_AOA&�K 
�-*9 �-��*M Z�	m�	 �9

�
	� �PD� &\�-�-7 ]�6S.

x-�W@ ��	�	 
� &� �
Q=� p��
Q=b�	 :�Q9 8
�P�9	 �1E :	Q@

 F=� �=9 	
 :� :	Q=�9 :�=P�	 C
Q=i 
� 5 �6=-\ 
	6=V &�
69

 O��D@ ��-'9 p��
Qb�	60�.���5�=W� �=�	 ]=���� A-=���H

 �
Q=b�	 �=9 J9��� �Q=� ���=S	 p� .�=R
� :�6=K 	�=-7 A-=���H

 
Qb�	 &@�D��W� 8	69 	
 86�'9 C5�wV 3�� �k	
	 p�� d-).=@ 

pH	6� :� &�	
�K&���K 

�2	���- 

=a( �==r�( �=k	
	 �==9 �=K <6=�W� :	
5	� ;	6]==���� C	 �

&�1E ]��r� 6�.-9 �N 6H 8��^ ]RQ� �(�� ����� �6P.@ 

&� �Q�.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
5.

25
.2

.2
.4

 ]
 

                            19 / 20

https://dorl.net/dor/20.1001.1.2251600.1385.25.2.2.4


��� ������	
��
��� �������	 ���� !#

���2 ��	� 

1. complexity network coefficient(CNC) 
2. deadline 
3. project scheduling problem. 
4. project scheduling problem to maximize the net 

present value 
5. simulated annealing 

6. activity on arc 
7. activity on node 
8. milestone 
9. shift 
10. differential _activity on arc 
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